Introduction
The conversion of flavanone to flavone is one of the rare cases in which the reaction has been re ported to be catalysed by two different enzyme sys tems. A soluble enzyme preparation from irradiated cell suspension cultures of parsley catalyzed the con version of flavanone to flavone [1] . This reaction re quired 2-oxoglutarate, Fe2+ and ascorbate as cofac tors and the enzyme was therefore classified as a 2 -oxoglutarate dependent dioxygenase (EC 1.14.11). In the m eantim e this enzyme has been partially purified and shown to be different from flavonol synthase [2] . In contrast, an enzyme preparation from flowers of Anthirrhinum majus for the conver sion of flavanone to flavone was localized in the mi crosomal fraction and required N A D PH as cofactor [3] . No flavone formation was observed with 2-oxo glutarate, Fe2+ and ascorbate. The N A D PH -dependent microsomal flavone synthase (here called flavone synthase II) was also found in flower extracts of Ver bena hybrida and Taraxacum officinale [3] . A ccord ing to its cofactor requirem ent and microsomal localization it was suggested that this enzyme belongs to the monooxygenases. We now report that the mi crosomal fraction from osmotically stressed soybean Reprint requests to Prof. Dr. H. Grisebach.
Verlag der Zeitschrift für Naturforschung. D -7400 Tübingen 0341 -0382/87/0400 -0343 $ 0 1 .3 0 /0 cell cultures catalyzes a N A D PH and oxygen de pendent conversion of (2 S)-naringenin to apigenin. This enzyme system, which has the properties of flavone synthase II, has been characterized as a cyto chrome P-450 dependent monooxygenase.
Materials and Methods

Chemicals
Flavonoids were from C. Roth (Karlsruhe). (25)-Naringenin was a gift from W. Heller. Elicitor from P hytophthora megasperm a f. sp. glycinea (Pm g elicitor) was prepared as described [4] . The elicitor from Alternaria cartham i (Ac-elicitor) was a gift from H. Strasser (Freiburg) . N A D (P)H : FMN-oxidoreductase (EC 1.6.8.1), glucose oxydase (EC I.1.3.4), catalase (EC 1.11.1.6) and superoxide dism utase (EC 1.15.1.1) were from Boehringer (M ann heim) and ferredoxin: N A D P+-reductase (EC 1.18.1.2) was from Sigma (Deisenhofen).
(25)-[14C]Naringenin (2.34 GBq/mmol) and (2R)-[14C]naringenin were obtained as described [5] . (25) 
Cell cultures and induction
Cell suspension cultures of soybean ( Glycine max cv. H arosoy 63) were propagated as described [7] and were transferred every 7th day to fresh medium. For induction experiments 6 g of cells (wet weight) were transferred to 40 ml of fresh medium after 6 days and were then incubated with 0.4 m glucose or with 2.5 mg Pmg elicitor (500 ng glucose equiva lents). Cells were harvested 10-25 h after induction and were frozen in liquid nitrogen.
Chrom atography
For thin-layer chrom atography on cellulose (E. M erck, D arm stadt) the following solvent systems were used (ratios by volume): (1) 15% acetic acid; (2) chloroform/acetic acid/water (10:9:1); (3) ben zene/acetic acid/water (125:72:3); and on silica gel 60 F254 (E. Merck) solvent system (3) and (4) petrol ether/ether (1 :1 ).
Flavonoids were detected under ultraviolet light or by spraying the plates with a 0 .2 % solution of fast blue B salt (Merck) and fuming with ammonia. Radioactive substances were detected with a TLCanalyzer (Berthold, W ildbad).
Buffers
Buffer A: 80 mM K-phosphate, pH 7.5; buffer B: as A but with 10% sucrose and 14 mM m ercaptoethanol; buffer C: 100 mM glycine, 100 mM NaCl, 0.1 n N aO H , pH 7.5.
Preparation o f m icrosom al fraction
The frozen cells were worked up and microsomes obtained by ultracentrifugation (160000 x g ) as de scribed [1, 5] .
Microsomes were suspended in buffer B (5 -10 mg protein/m l) and stored at -70 °C. 
O ther analytical m ethods
The assay of isoflavone synthase [5] and cinnamate 4-hydroxylase [7] has been described. Protein was determ ined by a modified Lowry procedure [8 ] after precipitation of the protein with trichloroacetic acid in presence of deoxycholate [9] .
Results
Induction o f isoflavone synthase and flavon e synthase II
Challenge of soybean cell cultures with elicitor preparations from either Phytophthora megasperma f. sp. glycinea or Alternaria carthami increased activi ty of isoflavone synthase, an enzyme system that catalyzes conversion of (2 S)-naringenin to genistein in presence of N A D PH and oxygen ( Fig. 1 ) [5] . Since it had been found by Ebel et al. [6 ] that osmotic stress of soybean cells caused accumulation of isoflavonoids, we investigated the possibility of replac ing the elicitor by an osmoticum for the induction of (Table I ).
In the enzyme assays with microsomes from cells treated with osmoticum a new radioactive product with an R f of 0.09 on cellulose with solvent system 1 was found which comigrated with apigenin (naringenin R { = 0.58). This product was identified as apige nin (Fig. 1) by cochromatography with authentic apigenin on cellulose with solvent systems 2 and 3 and on silica gel with solvent systems 3 and 4.
No form ation of apigenin was observed with microsomal preparations from either normal or elicitor-treated cell cultures (Table I) .
The induction kinetics of apigenin synthesis (flavone synthase II) and the induction of several other enzymes by either elicitor or by osmoticum will be published elsewhere.
It was evident from these results that osmotic stress induces a new enzyme in soybean cells which resem bles the flavone synthase previously found in flowers [3] . bate, which are the cofactors of flavone synthase I, were completely inactive. The other potential co factors listed in Table II could also not replace N A D PH . D ependence of the reaction on oxygen was shown by addition of an oxygen consuming system to the enzyme assay which caused a strong decrease in apigenin formation. As a control the inhibition of cinnamate 4-hydroxylase was determ ined (Table  III) . Catalase, superoxide dismutase and glucose ox idase did not have a direct influence on enzyme ac tivity.
Substrate specificity (25)-Naringenin and (25)-eriodictyol were con verted to apigenin and luteolin, respectively (Fig. 1) . (2/?)-Naringenin and (2i?,3/?)-dihydrokaem pferol did not function as substrates. In contrast to the reac tion with isoflavone synthase, the conversion of (25)-naringenin by flavone synthase II was not inhibited by presence of an equim olar am ount of (2 /?)-naringenin.
The dependence of the reaction rate on (25) 
Experiments to investigate the participation o f cytochrom e P-450
Addition of cytochrome c, which interferes with the electron transport from the N A D PH -cytochrom e P-450 reductase to the terminal oxidase [10] , inhib ited both flavone synthase II and cinnamate 4-hy droxylase. Cytochrome c (25 ^im) inhibited flavone synthase II activity 47% and cinnamate 4-hy droxylase activity 81%. Addition of 50 (xm cyto chrome c resulted in 72% and 91% inhibition of activity, respectively. Table IV lists the results of CO-inhibition experi ments. Flavone synthase II was strongly inhibited by CO in presence of oxygen and this inhibition could be reversed by white light.
The effect of N A D P+, a competitive inhibitor for N A DPH-cytochrom e P-450 reductase [15] , on fla vone synthase II is shown in Table V . The results dem onstrate that the degree of inhibition depends on the N A D PH /N A D P+ ratio.
A num ber of known inhibitors for cytochrome P-450 enzymes [11, 12] were also tested and their effect on flavone synthase II compared with the inhibition of cinnamate 4-hydroxylase. The results listed in Table VI show pronounced differences in the inhibition of the two enzymes. For example, ketoconazole at 1 |im inhibited flavone synthase II 87% whereas no inhibition was observed at this concentration for cinnamate 4-hydroxylase. Keto- conazole was the strongest inhibitor for flavone synthase II, followed by ancymidol, LAB 150978 and BAS 110 W. The latter two substances are triazole growth regulators from BASF [13] . In general cinna m ate 4-hydroxylase was less sensitive to inhibition than flavone synthase II. Potassium rhodanide, which causes conversion of cytochrom e P-450 to cytochrome P-420 [14] , inhib ited both enzymes to about the same extent.
The unexpected and surprising result of the induc tion experim ents is the finding that osmotic stress of the soybean cells causes appearance of a new enzyme activity which is completely absent in the normally grown cell cultures and in the elicitor-challenged cells.
The differential effects of elicitor-challenge or osmotic stress on activities of a num ber of enzymes will be subject to further investigations. The appar ent slight decrease of isoflavone synthase activity observed in presence of osmoticum (Table I ) is prob ably due to the consumption of the substrate naringenin for apigenin form ation. The enzyme which is in duced by osmoticum is similar to flavone synthase II previously found in the microsomal fraction of sever al flowers [3] .
The enzyme has now been shown to have the typi cal properties of a cytochrome P-450 dependent monooxygenase. The participation of cytochrome P-450 in the reaction was dem onstrated by the fol lowing: CO inhibition and its reversion by light; the strong inhibition by typical cytochrome P-450 in hibitors; inhibition by potassium isothiocyanate; the correlation with the inhibition of NADPH-cytochrome (cytochrome P-450) reductase.
A 2-hydroxyflavanone was postulated as an reac tion interm ediate in flavone synthesis catalyzed by flavone synthase I from parsley cell cultures [1] . The 2 -hydroxyflavanone could give flavone by either spontaneous or enzymatic loss of w ater (Fig. 1) . The fact that flavone synthase II is a monooxygenase can also be rationalized by assuming the formation of 2 -hydroxyflavanone as the first reaction product. Experim ents are in progress to test this hypothesis.
It would also be interesting to know whether the distribution of flavone synthase I or II in the plant kingdom is of taxonomic significance.
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